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Abstract
Naphtha feed stock is separated into light naphtha, heavy naphtha and light kerosene in sequence. Systems and
methods of naphtha feed stock are destined for a conventional distillation sequence and the other applications with 
less energy consumption than conventionally possible, while producing less greenhouse gas emissions. In this work, 
the comparison between the conventional sequence and the fully thermally coupled distillation column or so-called 
dividing wall column was carried out based on the minimum vapor flow rate at infinite number of stages. The 
evaluation results showed that the dividing wall column can be effectively used to improve the performance of the 
naphtha splitter process. In this paper, the pseudo-components for defining a liquid fraction have been described 
through using a commercial process simulator. A response surface methodology was applied to the design of the 
dividing wall column. A less number of facilities are provided and correspondingly less capital investment as well as 
reduced operating cost can be achieved. Reducing CO2 emission is another benefit which is derived from the 
proposed sequence.
1. Introduction
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Naphtha splitter process, one of representative distillation processes with significant energy 
consumption in the refinery industry, has been great incentive to improve the efficiency of existing capital 
facilities in recent years.
Thermally coupled distillation columns (FTCDS) or Petlyuk column (Fig 1a) was proposed to be an 
attractive alternative to enhance the efficiency of the existing sequence. Nevertheless, the Petlyuk column 
undergoes strong interactions between two columns because of their thermal integration, which creates 
difficulties in design and operation. To overcome these problems and reduce the capital cost, a vertical 
wall is installed at the central section of the column to divide the column into a prefractionator section and 
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a main column (Fig 1b). This arrangement is called the dividing wall column (DWC), which is 
conceptually same as the Petlyuk column because of their thermodynamically equivalent arrangements [1].
The method presented in Halvorsen and Skogestad [2] was applied to preliminarily determine the 
benefit of DWC application based on the minimum vapor flow rate criterion (Vmin
The aim of this study was to enhance the performance of the naphtha splitter process by using DWC
configuration. The V
). From this calculation,
the further simulation was carried out to compare the actual energy consumption for the rigorous DWC 
system with that of the conventional arrangement. Statistical approaches have revealed the potential with 
the optimal structure of DWC using a response surface methodology (RSM) [3]. This method can be 
implemented easily and efficiently by using HYSYS and MINITAB softwares.
min
2. Conventional distillation sequence
diagram was implemented to preliminarily determine the benefit of the DWC. 
Finally, the RSM was run to optimize the structure of DWC in term of minimizing the reboiler duty.
Fig. 1. Schematic diagram of the: (a) Petlyuk column; (b) dividing wall column
The process under analysis is a naphtha “splitter” process, which produces the main components such 
as, light straight run product (LSR), heavy naphtha and light kerosene. Fig 2a presents a schematic 
diagram of the conventional process for this study. This feed was first preheated against the bottom 
product stream and sent to the splitter column. The existing column configuration uses two splitter 
columns: the naphtha splitter unit column (NSU), and paraffinic fractionation unit (PFU). Peng-Robinson 
equation of state model was selected to predict the vapor-liquid equilibrium behavior of the mixture in 
ASPEN HYSYS 8.4. All columns were designed with a maximum flooding of approximately 85%, to 
prevent the flooding in columns.
Fig. 2. Schematic diagram of the: (a) naphtha splitter process; (b) a new dividing wall column
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3. Minimum vapor flow rate calculation, design and optimization for the DWC configuration
3.1. Minimum vapor flow rate calculation
The Vmin diagram gives the minimum energy requirements (in terms of minimum vapor flow V) as a 
function of the distillate/feed flowrate ratio (D/F) for the column. Shortcut method was used to calculate 
the minimum vapor requirement for each section of the column. After defining the feed composition and 
the relative volatility of components which should be separated, the Vmin diagram can be drawn by 
plotting five remarkable points. For the Petlyuk column, the minimum vapor flowrate is the highest peak 
in the Vmin diagram [2]. As shown in Fig 3, the flowrate ratio V/F for the DWC structure was selected at 
1.203. A calculation of Vmin
Fig. 3. V
for the conventional sequence and the DWC revealed a possible energy 
saving of 32.5%, which provides the potential of DWC application. 
min
3.2. Design and optimization for the DWC configuration
diagram for calculating the energy saving of DWC application
An important point is that the Vmin
Factors
diagram expressed the potential energy savings at an infinite 
number of stages, which is not a realistic target. Therefore, a rigorous simulation must be considered to 
get the actual benefit. The design obtained by the shortcut calculations and the rigorous simulations was 
then optimized by the RSM [3, 4]. After an initial setting of the DWC structure, there are five main 
design variables should be considered including the number of trays at the top (N1), middle (N2), bottom 
(N3), feed (N4) and side product sections (N5) (Fig 1b). Table 1 listed the factors and levels used in this 
case study. 
Table 1. Coded levels of the factors in RSM
Levels
-1 1 0
Top section (N1) 2 4 6
Middle section (N2) 19 21 23
Bottom section (N3) 18 20 22
Feed section (N4) 3 5 7
Side production section (N5) 9 11 13
The minimum reboiler duty was found at the coded levels of N1, N2, N3, N4 and N5 of -1.0000, -
1.0000, 1.0000, 0.0909 and 0.9596, respectively (Fig 4). Under these conditions, the minimum reboiler 
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duty was predicted at these coded values to be 15060 kW (25.1% energy saving). The natural values of 
these valuables can be derived and a simplified flow sheet for the resulting DWC system was illustrated
in Fig 2b. The rigorous simulation also showed that the reboiler duty of DWC is 15037 kW (25.2% 
energy savings). The result showed a good agreement with the predicted result by the RSM, which less 
than 32.5% indicated from the Vmin calculations. Additionally, the equivalent reductions of CO2
Fig. 4. The optimal point from the RSM
emission 
19.4% were also estimated for the conventional sequence and the new DWC [5]. This reduction is slightly 
smaller than the energy savings due to the higher comsumption of the high pressure steam in a new DWC.
4. Conclusions
An energy efficiency approach of DWC configuration was reported in this study. The feasibility of 
Vmin application for the DWC application is demonstrated effectively. Furthermore, the predicted results 
by the RSM showed a good agreement with the rigorous simulation. A proposed DWC configuration 
saves up to 25.2% in term of energy savings and 19.4% reduction in CO2
Biography 
foot-print emissions for the 
existing process.
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